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ABSTRACT Phosphorus is a major element needed for plant growth. Excess phosphorus from
agricultural runoff and urban stormwater can enter waterways, resulting in growth of toxic algal
blooms that are deleterious to local fauna. One way to remove phosphorus (P) is by diverting
agricultural and urban runoff into wetlands. One such wetland is Prairie Wolf Slough (PWS), located
in north suburban Chicago, IL. Stormwater enters PWS through an inlet channel and exits through an
outlet pipe into the Chicago River. A 16-year study documented that a significantly greater mass of
phosphorus leaves PWS than enters through the inlet. The previous study accounted for 90% of the
source of phosphorus leaving PWS. The goal of my project is to calculate the mass of phosphorus in
phosphorus laden dust (PLD) deposited in this wetland. I hypothesize that a portion of the remaining
10% of phosphorus leaving PWS is from atmospheric deposition. Since August 2021, I have been
collecting rain samples weekly from five collectors at PWS and analyzing them for phosphorus. An
estimate of the contributions to the open marsh indicates that a mean 6.2% of the phosphorus budget is
being contributed by PLD with a maximum and minimum value ranging from 2.1%-10.3% using the
standard deviation (± SD). This may indicate that PLD is a significant source of P export from PWS.
The results of my study could inform future wetland restoration plans where trapping excess
phosphorus is a major goal.
INTRODUCTION
One of the main reasons to restore wetlands is to
help control excess nutrients, which is often
considered a best management practice (Land et

al., 2016). An important consideration in
designing wetland restoration plans is monitoring
temporal and spatial changes in nutrients,
particularly phosphorus (P). P is one of the
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essential macro nutrients needed for plant
growth.
P exists in inorganic and organic forms. It is
released into water and soil via weathering of
phosphate rocks and the addition of animal
manures, biosolids, and synthetic fertilizers.
Indeed, as much as 70-80% of P applied to
farmland can be stored in soil and sediments
(Neset et al., 2016).
P cycle diagrams typically emphasize sources of
P in the lithosphere (e.g., weathering and release
of P from phosphate rocks), hydrosphere (P
transported in stormwater runoff to wetlands),
anthroposphere (synthetic P fertilizers), and the
contribution of excess P to cultural eutrophication
and the proliferation of algal blooms. However, P
also occurs in the atmosphere in the form of dust.
A search of the literature revealed fewer scientific
studies of the measurement of phosphorus laden
dust (PLD) compared with studies of P in rock,
soil, and water.
PLD is generated from wind erosion of bare soil
in agricultural fields. In congruence, according to
a study by Anderson and Downing (2006), the
majority of phosphorus deposition from the
atmosphere came from PLD, whereas the
contribution by wet deposition was much less in
comparison. PLD can travel great distances in the
atmosphere. Tsugeki (2012) reported that PLD
derived from Asia contributed to eutrophication
in Japan’s Mountain lakes. This leads to the
argument that PLD and aerosols, while nongaseous, are a part of the atmospheric phosphorus
cycle (Tsugeki, 2012). These particles are
typically ignored in restorations for wetlands and
marshes, though their contributions can have
major impacts on the site’s phosphorus loading
(Zhang, 2016). For example, Tsugeki (2012)
reported that 46% of the phosphorus deposited
into China’s third largest lake, lake Taihu, came
from PLD. Montgomery et al. (2021) conducted
a 16-year study of soluble reactive P (SRP; aka
“plant available P”) dynamics in a restored
wetland in north suburban Chicago. Their mass
balance calculation showed that 45 times more
SRP mass was exported from the wetland than
entered. This indicates that SRP is stored in
various reservoirs within the wetland. They
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created a conceptual model of the P cycle
showing potential sources of SRP into and out of
the marsh, and the percentage contributions from
each source (Figure 1). Approximately 2% of the
SRP in the marsh was accounted for by surface
water at the inlet (Figure 2). SRP release from
cattail
decomposition
accounted
for
approximately 46% of the SRP leaving the marsh,
while diffusion of SRP stored in sediment pore
water and shallow groundwater accounted for
28% and 15% of exported P respectively.
An earlier PLD deposition investigation at PWS
was conducted by Shah (2013); however, this
study did not quantify the mass of PLD deposited
in the wetland. The goal of my project is to
calculate the mass of P deposited in this wetland.
I hypothesize that PLD deposition accounts for a
portion of the remaining 10% of SRP being
exported from PWS (Figure 1).

Figure 1. Phosphorus budget figure depicting all
sources of incoming and outgoing phosphorus,
including the estimated 10% from PLD.
Site Characteristics
PWS is a restored wetland owned and managed
by The Lake County Forest Preserve District
(latitude = 42.20 N, longitude = -87.85 W). After
leasing this land for farming from 1978-1990’s, it
was restored back to wetland as part of a
demonstration project to showcase to the public
the effectiveness of wetlands for improving water
quality. PWS is 14 ha in area, with 4 ha in forest
and 10 ha in marsh, savannah, mesic prairie, and
wet prairie. The PWS watershed is 38.6 ha.
Stormwater enters PWS through an inlet weir and
discharges into the Chicago River through a
water control structure (Figure 2) (Montgomery
et al., 2021).
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METHODS

American Public Health Association’s (APHA)
guidelines and methods (2005).

Sample Collection
Laboratory Analyses
PLD was measured by collecting precipitation in
rain collectors that I constructed. Five collectors
were placed among the ecological communities
(1-5 in Figure 2). The collectors consisted of a
large funnel attached to a 500 mL Nalgene bottle.
The collectors were mounted on a “W”-pole tall
enough to exceed the height of the vegetation.
Bird spikes were glued to the rim of the funnel to
stop avian wildlife from nesting, and a plastic
mesh was added to the mouth of the funnel to
prevent debris from entering the bottle.

I tested precipitation samples for total phosphorus
(TP) and SRP. TP includes all forms (e.g.,
inorganic, and organic) of phosphorus. Unfiltered
samples were analyzed for TP after heat digestion
with 5.25 N sulfuric acid and persulfate. SRP and
TP concentrations were measured following the
ascorbic acid and molybdenum blue method of
Murphy & Riley (1962). Samples were analyzed
for SRP and TP on a Hach DR 5000 UV-Vis
spectrophotometer (Hach Company, Loveland,
CO, USA). SRP and TP are expressed as PO4-P.
Analyses were performed on duplicate samples.
Concentrations (mg/L) were converted to mass
(mg) by multiplying the concentrations by the
volume of water collected in the samplers.
Statistical Analyses

Figure 2. Aerial photograph of Prairie Wolf
Slough, showing sample collector locations and
ecological communities.
I also constructed two snow collectors that were
placed next to the PLD collectors at locations 1
and 3. For the purpose of my study, only sites 4
& 5 had their SRP water samples used to compute
an estimate on the P that is immediately going
into the outlet stream. These sites were the only
ones in the open water marsh directly, and SRP
was used (as opposed to total phosphorus)
because it is the form of phosphorus immediately
available to plants and algae.
Precipitation samples were collected every week.
Snow samples were collected every 2 weeks. A
weather station was installed near PLD collector
#3 to collect total precipitation volume, wind
direction, and wind speed. The sample collection
and preservation of samples followed the
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Data were tested for normality using the ShapiroWilk test in RStudio (RStudio Team, 2020). The
SRP data were non-normal. The data was
transformed using a log function. The logtransformed data was normally distributed (p
>0.05). I conducted an analysis of variance
(ANOVA) to test for significant differences in
mean SRP for both sample sites 4 & 5,
individually. The mean for each sample date was
compared to all other sample dates in the time
series. This resulted in no significant differences
(p >0.05). I computed the mean phosphorus mass
across sample sites 4 and 5 over the time period.
The mean mass was then converted to a
deposition rate (Kg/year) using Equation 1.

Equation 1.
There were temporal gaps in the data due to
samples not being collected every week. This
occurred because of inclement weather and
damaged sampler funnels. The samples analyzed
for P in this study were all collected within a
week of each other. Broken samplers were
repaired and re-installed the week after retrieving
them.
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RESULTS
The SRP deposition rate was 1.43 Kg/year. After
taking the standard deviation (±SD = 1.041), I
used it to calculate the minimum and maximum
deposition rates (Figure 3).

the total export of P from PWS and is less than
the estimated mean of 2.2 Kg/year. However, this
estimated mean deposition rate falls within the
range of deposition rates calculated in this study
(Figure 3). This result supports my hypothesis
that PLD deposition accounts for a portion of the
remaining 10% of SRP exported from PWS.
After a detailed literature review, no peerreviewed research looking at atmospheric
phosphorus deposition into freshwater wetlands
was found. The only relevant studies I found were
focused on P deposition into remote lakes in
Japan and China, respectively (Tsugeki (2012)
and Zhang (2016)). This shows a wide gap in the
literature pertaining to P deposition into
freshwater wetlands. This highlights the need for
more research into P deposition to be conducted
in the future.

Figure 3. Graphical representation of the range
of P deposition rates with their percent
contribution to the yearly budget, along with the
10% estimate (Figure 1) as reference.
The range of P deposition rates can be compared
to the 10% estimate (Figure 3). The minimum
value was 0.475 Kg/year, while the maximum
was 2.38 Kg/year.
DISCUSSION
Montgomery and Eames (2021) estimated an
atmospheric deposition rate of 2.2 Kg/year which
is approximately 10% of the total export of P
from PWS (Figure 1). The mean deposition rate
in this study (1.43 Kg/year) represents 6.3 % of

Based on my findings, I believe that further
wetland restoration projects focusing on P
sequestration should consider P deposition if
there is to be an accurate accounting of the P
budget coming in and going out of each restored
site.
Next steps in my study include (1) correlating
trends in mean TP and SRP with meteorological
variables including total precipitation, wind
speed, and wind direction in the 24 hours
preceding sample collection, (2) assessing
seasonal differences in mean TP and SRP masses
and rates of deposition, and (3) calculating the
percentage of SRP exported from PWS that is
contributed by PLD.
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